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. Ahstract: The demersalfish communityof the Channeland shelf of São Sebastião(SP), on the
southeasternBraziliancoast,wasinvestigatedduringthesummerof 1994.The samplingwas
carriedout usingabottomottertrawlat26stationslocatedbetween8 fi and65m in depth.
Ninety-threespeciesof40familieswereidentifiedinthearea.Sciaenidswerethemostprominent
in numberof species,abundance,aild weight.Ctenosciaenagracilicirrhus,Paralonchurus
brasiliensis,andCynoscionjamaicensisdominatedin thecatches.Clusteranalysishowedthree
majorgroupsofspeciesandthreegroupsof sites.Thefirstgroupwascomposedof speciesfound
in theChannelandshallowerareasof theinnershelf,thesecondof speciesassociatedwiththe
innershelf«50 m depth),andthethirdgroupof speciesfromtheoutershelf(>50m depth).
EnvironmentalvariablesconsideredinCanonicalCorrespondenceAnalysis(CCA) explained51%
af thevariationin thespeciesdata.Battomwatertemperaturewasthemastimportantvariable
selectedby CCA, accountingfor 21% of theexplainablevariance.The resultsrevealedthat
structureof theichthyofaunawasassociatedwithwatermassdistribution.Duringtheperiod
studied,theareawasoccupiedbythewarmCoa1:'talWater(CW),butcoldSouthAtlanticCentral
Water(SACW)wasdetectedoverthebottomof theoutershelf,influencingthedistributionand
abundanceofthemainspecies.
· Resumo:A comunidadedepeixesdemersaisdocanaleplataformadeSãoSebastião(SP),costa
sudestedoBrasil,foi investigadano verãode 1994.A amostragemfoi realizadacomredede
arrastodefundo,em26estaçõeslocalizadasentre8e65mdeprofundidade.Foramidentificadas
93espéciespertencentesa40famílias.Oscienídeosforamosmaisrepresentativosemnúmerode
espécies,abundânciae peso,sendoCtenosciaenagracílicirrhus,Paralonchurusbrasili€Jnsise
Cynoscionjamaicensisasespéciesdominantes.A análisedeagrupamentoreveloutrêsgrandes
gruposdeespéciese trêsgruposdeestações.O primeirogrupocaracterizou-sep lapresençade
espéciescomocorrêncianocanaleregiõescosteirasdaplataformainterna;o segundoporespécies
associadasà plataformainterna«50 m de profundidllde)e o terceirogrupopor espécies
relacionadasà plataformaexterna(>50m). As variáveisambientaiselecionadaspelaCCA
explicaram51%davariaçãodosdadosdasespécies,endoatemperaturad águadefundoamais
importante,representando21% da variância.Verificou-sea importânciada distribuiçãodas
massasd'águana estruturaçãoda comunidadede peixesdemersais.Duranteo períodode
amostragemaáreafoi ocupadapelamassad'águaquentedaÁguaCosteira(AC). No entanto,a
presençadaÁguaCentraldoAtlânticoSul(ACAS),maisfria,foi detectadanacamadadefundo
daplataformaexterna,influenciandoadistribuiçãoeabundânciadasespéciesdominantes.
· Descriptors:Marineecosystem,Demersalfish,Assemblages,Channel,Continentalshelf,São
Sebastião,SoutheasternBrazil. -
.. Descri/ores:Ecossistemamarinho,Peixesdemersais,Associações,Canal,Plataformacontinental,
São Sebastião, Sudestedo Brasil.
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Introduction
The understandingof processesgovemingthe
distributionand abundanceof organismsis
fundamentalforthemanagementof livingresources
andenvironrnentalconservation.Thedistributionof
the dernersalichthyofaunaover thecontinental
shelfis greatlyaffectedbytheshelfwidth,natureof
the bottomsediments,oceanographiconditions,
history of the oceansand possibilitiesof
colonization ITom neighboringareas (Lowe-
McConnell,1987;Longhurst& Pauly,1987).Depth
andthermalgradients(RoeJ, 1987;Bianchi,1991;
Bianchi,1992a;Mariscal-Romeroet ai., 1998),in
additionto oxygen(Bianchi,1992b;Smaleet ai.,
1993),havebeencitedasthemostimportantabiotic
factorsinfluencingthestructureof softbottomfish
communities.Withineachdepthstratum,bottomtype
andlatitudinalgradientsaffectspeciesdistributions
(Bianchi.1992a). .
The structureand dynamicof the demersal
ichthyofaunaof thesoutheastemBrazilianshelfhave
beenwidelyinvestigatedin recentyears.This area
belongsto theArgentineanmarinezoogeographical
provincewhich correspondsto a broadzone of
faunistictransitionwith many endemicspecies
(Figueiredo,1981).CaboFrio(RiodeJaneiro,Brazil)
marks the southemlimit of tropical species
distributionandthePeninsulaValdés(Argentine)the
northemlimit of temperatespecies.Many studies
havebeencarriedoutin thisregionin ordertodetect
the pattem of distributionof demersalfish
assemblagesand understandthe conditioning
oceanographicprocessesinvolved(Benvegnu-Lé,
1978;FagundesNetto& Gaelzer,1991;Haimoviciet
ai., 1994;NataliNeto,1994;Facchini,1995;Paes,
1996;Rocha& Rossi-Wongtschowski,1998).
The presentstudywas developedwithin the
fTameworkof a multidisciplinaryprojectentitled
"Oceanographyof theInnerShelfof SãoSebastião-
OPISS", with a view to obtaininga thorough
knowledgeof thestructureandfunctionof theSão
SebastiãoChannel and shelf and investigate
evolutionaryprocesses.In.thiscontext,thestudyof
theichthyofaunawascarriedoutfor thepurposeof
characterizingthe structureof the demersalfish
communityandrelatethespeciesdistributionpattem
totheoceanographicconditionsofthearea.
StudyArea
The area understudyis locatedalong the
southeastemBrazilian coast, between23°30'-
24°30'Sand44°45'-46°W (Fig. 1).TheChannelis
borderedonthewestsidebythecontinentandonthe
eastsidebySãoSebastiãoIsland.It is24kmlongand
5.8kmand6.4kmwideatitsnorthemandsouthem
entrances,respectively,being2 km in widthat its
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centralpartoThedeepestareais alongitscentralaxis
(50m),whilethenorthemandsouthementrancesare
25mand20mdeep,respectively(Furtado,1995).A
paleorivervalley,whichextendsITomthesouthem
entranceof SãoSebastiãoChannelto depthsgreater
than100m,developeduringthelastsearegression,
representingthemainroutefor theintrusionof the
seaontotheinnershelf(Furtadoet ai., 1996).The
areasuffersstrongimpactITomsewagedischarges,
commercialctivitiesof theharbor,andITequentoil
spillsITomthe"Dutose TerminaisCentroSul" oil
terminal(CETESB,1996).
Thecontinentalshelfof theareais 100kmwide
with theshelfbreakat 140m depth(Zembruscki,
1979). The shelfcanbe hydrographicallydivided
intoaninnerdomain,boundedbythecoastandthe
40-50misobath,andanouterdomainwhichextends
ITomthe40-50m isobathto theshelfslope.Water
movementsovertheinnershelfarecontrolledbythe
wind, while both wind and the Brazil Current
influencewaterdynamicof the outershelf(Castro
Filhoetai., 1987).Threewatermassesconvergein
this area:SouthAtlanticCentralWater(SACW)
characterizedby low temperature«20°C) andhigh
salinity(S>36.4);TropicalWater(TW) with high
temperature(>20°C)andsalinity(S>36.4)(Miranda,
1982);andCoastalWater(CW),associatedwithhigh
temperature(>24°C)andlow salinityresultingITom
thecombinedeffectof smalltomediurn-sizeestuaries
(Castro& Miranda,1999).Duringsummer,thewater
colurnnoftheinnershelfisstratified.Theupperlayer
(downto 20 m) is occupiedby theCoastalWater,
which rnixeswith TropicalWateroffshore.Cold
SACW predominatesoverthebottom,andinteracts
withCW nearthecoast.Duringwinter,theSACW
retreatstowardstheshelfbreak,andis replacedby
CW, disruptingthethermocline(CastroFilho etai.,
1987).Seasonalupwardsmovementsof SACW into
theeuphoticzonepromotenaturalenrichmentof the
area(Aidaretai., 1993).
Material and methods
Sampling.Bottomtrawlsurveyswerecarriedout
duringsummer1994in theChannel(5 sites)andon
theshelf(21 sites)(Fig. 1).Channelsampleswere
obtainedbytheRlB Veliger11usinga 9.7m otter
trawl with 40 mm stretchmeshin the bodyand
sleeve,and25 mmin thecodendbarmesh,doors
weighing20 kg each.On theshelf,sampleswere
takenbytheRlV Prof.W. Besnardusinga 17motter
trawlwith60mmstretchmeshinthebodyandsleeve
and 25 mm in the codendbar mesh,eachdoor
weighing100kg.Thirty-minutestandardtowswere
madeduringdaylight.hoursataspeedof2knots.The
totalsweptareawas55,590m2in theChanneland
350,007m2on theshelf.Temperature,salinity,and
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oxygenweremeasuredfromwatersamplescollected
withNansenbottlesoSedimentsampleswereobtained
witha 0.1m2vanVeengrabandwereanalyzedby
the Laboratoryof Geology of the Instituto
Oceanográfico,UniversidadedeSãoPaulo(IOUSP)o
BiologicaldatawereobtainedatCentrodeBiologia
Marinha(CEBIMAR-USP)andIOUSPlaboratorieso
Dataanalysis.In ordertoobtainanoverviewof
thehydrographiconditionsof the area,130data
pairsoftemperatureandsalinityof thewatercolumn
wereusedto constructa TS diagramoDifferencesof
temperatureandsalinityamongthethreegroupsof
sitesobtainedfromc1usteranalysisweretestedusing
a nonparametricKruskal-Wallis testand Dunn's
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Figo1. Mapoftheareawiththesampledsites(Channelsitesin italic)o
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multiplecomparisontest(Sokal& Rohlf,1998).The
importanceof speciesin thesystemwasevaluated
usingan indexof importance(LL), basedon the
contributionof eachspeciesin termsof number(N),
weight (W) and occurrence(O). This index is
expressedas I.I. = %N X %W X %0 (Rocha&
Rossi-Wongtschowski,1998)andwascalculatedfor
the Channeland shelf ichthyofaunaseparately
becausetotalcapturewashigherontheshelfdueto
the largersweptarea.Specieswererankedby the
indexandthefIrst23speciesof theChanneland29
speciesof the shelf,a totalof 42 species,were
selectedtobeusedinmultivariateanalysis.
Biomass(gm'2)anddensity(numberm'2)were
estimatedbythesweptareamethod.Thesweptarea
of each site was 11,118m2 and 16,667m2,
respectively,fortheChannelandtheshelf.In orderto
standardizethe catchesbetweenthe two areas,
Channelsamplesweremultipliedby 1.4991.This
correctionfactorwasobtainedbydividingtheswept
areaof the shelf by that of the Channel.The
following diversity indexes were calculated:
Margalefsrichness(d) (Margalef,1974),Shannon-
Wienerlnformationlndex(H') (Shannon& Weaver,
1949),Pielou'seveness(1)(Pielou,1966),andBerger
andParker'sdominance(Da,Db andDc) (Berger&
Parker,1970).
Clusteranalysiswascarriedoutto identifythe
structureof the communityandto detectspecifIc
pattemsof distribution.Analysiswasperformedon
In(x+1)transformedabundancedata.ThePercentage
ofSimilarityindexwasusedtomeasurethesimi]arity
betweensamples,andtheUPGMA linkagemethod
(Krebs,1989)wasemp]oyedto builddendograms.
Sites and speciesdendogramswere represented
togetherwithatrellisdiagramrepresentingclassesof
abundance.Nodal analysis(Lambert& Williams,
]962)wascarriedoutusingfIde]ity(F) andconstancy
(C) indexes(Boesch,]977).Theconstancyindexhas
thevalueof 1whenall speciesoccuratallsitesinthe
groupandOwhennoneof thespeciesoccuratthose
sites.Va]uesof the fIde]ityindexgreaterthan2
suggesta strong"preference"of the speciesin a
groupforaparticulargroupsofsites.Va]ueslessthan
] suggest"avoidance"of thehabitatsrepresentedby
thegroupofsites.
CanonicalCorrespondenceAnalysis(CCA) using
thecomputerprogramCANOCO (terBraak,]988,
1990)wasapp]iedtocatchdatatoproduceagradient
ana]ysis and identify the most important
environmentalvariablesaffectingthestructureof the
fIshassemblages.Datawere[]og(x+1)]transformed
prior to analysis.The environmentalvariables
consideredin themodelweredepth,bottomwater
temperatureand salinity, organic matter,and
substratumcompositionas% grave],coarse+ very
coarsesand,mediumsand,finesanei,very[mesanei,
andsilt+clay.Thesedatawerestandardizedby:(x-
averagex) . Sd'lwherex = raw datumandsd =
standardeviation.Sincedepthwasthefustvariable
selectedby the forward selectionof variables
procedure,temperaturedroppedoutof theana]ysis
due to the strongcorrelationbetweenthe two
variables.The resu]twas the sameregard]essof
whetherdepthortemperaturewasusedsowe opted
to use temperaturein the mode]so as to better
understandthere]ationshipbetweenwatermassesand
thepatternsofspeciesdistribution.
Results
Physicalcharacteristicsof thesamplingarea
Channelsiteswere9 -10m deep,exceptfor C5
(23m)whichwas]ocatedatthesouthernentranceof
the Channel(Tab. 1, Fig. 1). On the shelf, the
samplingwascarriedoutatdepthsbetween12and
74m.The]owestemperaturesandhighestsalinityin
theareastudiedoccurredatsites]ocatedontheouter
shelf,withaveragevaluesof 17°Cand35.73.Onthe
innershe]fandin theChannel,averagevalueswere
25.4°C/ 34.76and27.6°C/ 34.92,respectively.The
Kruskal-Wallistest showedthat temperatureand
salinitydifferedsignifIcantly(P=0.0004)amongthe
threegroupsof sitesidentifIedby clusteranalysis.
Accordingto Dunn's multip]ecomparisontest,
temperatureandsa]initywerethesameintheChannel
andontheinnershe]f(P>0.05),bothdifferingfi-om
thoseof theoutershe]f(P<0.05)(Tab.2). The T-S
diagramcorroboratedthisresult(Fig.2).Channeland
innershelfwereoccupiedbyawarmerand]esssaline
watermass(Coasta]Water)andtheoutershelfby a
coJderandmoresa]inewater(SouthAtlanticCentral
Water).Thesubstratumatmostsitesconsistedmainly
of veryfine sand.However,majorproportionsof
mediumsand,coarse+verycoarsesand,andgraveI
occurredat sitesC12 (Channe])andS13 (she]f)
(Tab.1).
Spatialpatternsofdensity,biomass,anddiversity
The ichthyofaunashowedspatialdifferencesin
densityandbiomass(Figs3A and3B).Densitywas
]owestin theChannel(exceptfor siteC5) andthe
deepestareaof theshe]f.Biomasswas]owestin the
Channelandtheshallowestareaof theshelf.High
biomasswas observedespeciallyaround São
SebastiãoIs]and.The outershe]f faunahad the
greatestdiversity,thelowestdominance,andhighest
evenness.Diversityof faunawasverysimilarin the
Channe]andontheinnershelf,thoughevennesswas
greaterin the formeranddominanceon the ]ater.
Richnesswashighestontheinnershe]fand]owestin
theChannel(Tab.3).
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Tab!e2. Resultsof Kruskal-Wallis(H) andDunn'smultiplecomparisontestcomparing
temperature(T)andsalinity(S)amongroupsresulting.!Tomc1usteranalysis.
Table 1. Depth, bottom water temperature(T'C), salinity (S), dissolved oxygen (02), organic matter,and sediment
characteristicsofChannel (C) andshelf(S) sites.
Sites Depth TOC S 02 %Organic %Gravei %Coarse+Very % Medium %Fine % Very %Silt
(m) Matter CoarseSand Sand Sand FineSand +Clay
C4 10 27.37 35.008 4.75 0.605 0.13 0.18 0.19 1.02 92.82 5.66
C5 24 24.60 35.342 3.81 1.147 0.00 0.19 0.49 12.41 71.07 9.84
C7 8 27.90 34.764 4.65 2.268 0.00 0.22 0.36 1.26 36.31 61.85
CIO 10 28.27 35.075 4.87 2.722 0.00 0.00 0.09 0.77 28.73 70.4I
C12 8 26.89 34.842 4.59 0.862 3.48 38.43 12.38 8.81 7.16 29.74
SI 15 27.30 33.617 3.28 0.439 0.00 0.00 0.22 5.09 93.59 1.10
S2 22 26.79 34.282 3.09 1.204 0.00 0.59 2.13 8.08 76.57 12.63
S3 30 26.43 35.429 3.32 0.500 0.00 0.15 0.75 26.46 68.31 4.33
S4 60 16.66 35.578 3.47 0.909 0.00 0.00 0.56 16.99 73.12 9.33
S5 20 26.94 34.336 3.24 0.625 0.00 0.00 0.11 1.05 86.70 12.14
S6 25 26.64 35.035 3.89 0.391 0.00 0.00 0.10 0.83 92.83 6.24
S7 41 26.30 35.035 3.69 0.731 0.00 0.83 2.08 25.70 61.99 9.40
S8 50 18.50 35.732 3.42 0.889 0.00 0.15 0.40 2.44 83.62 13.39
S9 60 16.83 35.653 3.05 0.466 0.00 0.00 0.46 16.44 76.60 6.50
SIO 50 17.39 35.673 2.90 1.672 0.00 2.48 3.26 7.46 32.23 54.57
SII 34 26.20 35.047 3.63 2.263 0.00 1.04 2.48 8.40 69.41 18.67
SI2 69 16.51 35.661 2.96 0.626 0.10 1.76 2.67 58.80 21.58 15.09
S13 13 27.59 33.691 3.23 0.313 9.66 21.35 27.51 18.77 7.99 14.72
S14 24 16.51 35.094 3.39 1.694 0.00 0.00 0.00 0.00 8.17 91.83
S15 39 21.79 35.700 2.85 3.910 0.00 0.00 0.00 0.00 5.44 94.56
SI6 53 16.83 35.735 2.77 3.195 0.00 0.21 0.30 1.44 25.89 72.16
S17 12 28.42 33.608 3.68 0.490 0.00 0.00 0.26 0.97 28.72 70.05
S18 18 26.20 35.031 2.71 0.569 0.00 3.15 3.51 4.49 48.16 40.69
S19 37 23.44 35.428 4.12 0.698 0.00 0.00 0.11 0.93 84.37 14.59
S20 62 16.80 35.957 3.00 2.221 0.00 0.26 0.85 9.97 54.81 34.11
S21 74 16.67 35.815 3.50 0.631 0.00 0.10 0.78 18.45 71.28 9.39
. Temperature Salinity
N Mean sd Mean sd
Channel 4 27.61 0.60 34.92 0.14
InnerShelf 14 25.37 3.08 34.76 0.72
OuterShelf 8 17.02 0.65 35.73 0.04
H 15.44 14.41
P=0.0004 P=O.0007
Mulliplecomparisons
Channelx InnerShelf P>0.05 ns P>0.05 ns
Channelx OuterShelf P<O.OOI P<0.05
InnerShelfxOuterShelf P<O.OI P<O.OI
sd=standardeviation, ns=notsignificant
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Fig. 2. ScatteredT-S diagramfor theSãoSebastiãosystem,duringsummer.Waterco1umn
(emptysymbols),bottom(fuI!symbo1s),Channel(N=43),innershe1f(N=50)andouter
she1f(N=37).
Speciescomposition- Ninety-threefishspecies
be10ngingto 40 fami1ieswerecollectedduringthe
samp1ingperiod.Twenty-fourspeciesoccurredin
bothareas,12wereexclusiveto theChanne1and58
to the shelf(Tab.4). In the Channe1,the most
abundantfami1ieswere sciaenids,para1ichthyds,
gerreids,cynog1ossids,haemu1ids,erranids,trig1ids,
andmuraenids.Theywerea1soimportantin termsof
weight (Fig. 4). Channe1samp1esincluded971
specimensof 36 speciesbe10ngingto 18 fami1ies
(Tabs 4 and 5). Ctenosciaenagracilicirrhus,
Prionotuspunctatus,Diplectrumradiale,Symphurus
tesselatus,and Syaciumpapillosumaccountedfor
79%oftota1numberand61%oftota1weight.Onthe
she1f,13,607specimensbe10ngingto39familiesand
81specieswerecollected(Tabs4 and5). Sciaenids
were greatestin abundanceand weight,whi1e
rajidsandbatrachoididswereimportantin weight
on1y (Fig. 4). Ctenosciaenagracilicirrhus,
Paralonchurus brasiliensis, and Cynoscion
jamaicensiscomprised61%of thecatchin number.
Despite10wabundance,Porichthysporosissimus,
Rajacastelnaui,andR. cyclophorawereimportantin
weight(Tab.5).
Assemblages- Clusteranalysisshowedthree
majorgroupsof speciesandsites(Fig. 5). Species
GroupA wascomposedof 11species,dominatedby
C. gracilicirrhus,C.jamaicensis,andP. brasiliensis,
whichoccurredmain1yon the innershe1f(depth
below50m).Thisgroupaccountedfor72%and46%
ofthetotalnumberandweight,respectively.Someof
thesespeciesoccurredin theChanne1aswell,though
in 10wabundance.Group B wascomposedof 13
species,whichoccurredin theChannelandshallow
areasof theinnershe1f,fiveof themexclusive1yin
theChannel.Thesespeciesaccountedfor on1y2.6%
of the totalnumberand 4% of the totalweight.
Group C was composedof 17 speciesassociaied
withsitesontheoutershelf(depthgreaterthan50m).
This grouprepresented21.5%of thetotalcatchin
numberand44.5%in weight.Althoughthesubgroup
composedof C. guatucupa,S. hispidus,and P.
porosissimusa1sooccurredon theinnershelf,their
abundanceswerehigherin theouterdomain(Fig.5).
Thenoda1constancyandfidelityindexescorroborate
theassociationof speciesgroupswiththethreeareas
(Tab.6).Despitethehighbiomassof theguitarray
Rhinobatospercellens,on1yonespecimenoccurred
in theareaandwasnot associatedwith anygroup
(Fig.5).
Ichthyofaunapatternandenvironment- The
eigenvaluesof thefirstthreeCCA axeswere0.558,
0.343 and 0.181, respectively.The species-
environmental correlation was high with
environmentalvariablesaccountingfor 51%of the
variationin thespeciesdata(Tab.7). Throughthe
forward selection procedure (P<0.05 in the
unrestrictedMonte Carlo permutationtest),
temperature,oxygen,coarse+verycoarsesand,fine
sand,andorganicmatterwereselectedas thebest
combinationof variables.The first threevariables
accountedforthemajorfractionof speciesvariation.
Thefourthcanonicalaxisdidnotpassin theMonte
Cadotest.Althoughfinesandhadbeense1ected,this
variab1ewasmain1yrelatedtoaxis4.
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Table4. Demersalfish speciescollectedin theChannelandon theshelfof São Sebastião,in summer
1994. X = occurence.
SPECIES KEY* CHANNEL SHELF
CHONDRICHTHYES
Squatinidae Sq111ltinagugenhein X
Narcinidae Narcinebrasiliensis X
Rajidae Psammobatisglansdissimilis PSGL X
Raiaagassizii RAAG X
Raiacastelnaui RACA X
Raiacyclophora RACY X
RIllnobatidae Rhinobatoshorkelii RHHO X
Rhinobatospercellens RHPE X
Zapteryxbrevirostris X
Dasyatidae Da.ryatisslU' X
OSTEICHTHYES
Muraenidae Gymnothoraxocellatus GYOC X X
Congridae Ariosomasp X
Ophchthidae Ophichthusgomesii X
Ariidae Cathoropspixii X
Genidensgenidens X
Netumabarba X
Sciadeichthysluniscutis X
Synodontidae Sauridabrasiliensis X
Synodusfoetens SYFO X
Gadidae Urophycisbrasiliensis T.JRaR X
Merlucciidae Merlucciushubbsi MEHU X
Ophidiidae Ophidionholbrooki X
Raneyafluminensis X
Batrachoididae Porichthysporosissimus POPO X X
Lophiidae Lophiusgastrophysus tOGA X
Antennariidae Phryneloxscaber X X
Ogcocephalidae Ogcocephalusvespertilio X
Fistularidae Fistulariapetimba X
Syngnathidae Hippocampuserectus X
Triglidae Bellatorbrachychir X
Prionotusnudigula PRNU X
Prionoluspunctatus PRPU \ X X
Dactylopteridae Dactylopterusvolitans DAVO X X
Serranidae Diplectrumformosum DIFO X
Diplectrumradiale DIRA X
Dulesauriga DUAU X
Epinephelusmorio
Epinephelusniveatus X X
Priacanthidae Priacanthusarenatus X
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Table4.(Continued)
SPECIES KEY' CHANNEL SHELF
Priacanthuscruentatus X
Acropomatidae Synagropsspinosus X
Gerreidae Diapterusrhombeus X
Eucinostomusargenteus EUAR X X
Eucinostomusgula EUGU X
Haemulidae Conodonobilis X
Haemulonaurolineatum X
Haemulonsteindachneri HAST X X
Orthopristisruber ORRU X X
Pomadasyscorvinaeformis X
Sparidae Calamuspenna X X
Pagruspagrus X
Sciaenidae Ctenosciaenagraci/icirrhus CTGR X X
Cynoscionguatucupa CYGU X X
Cynoscionjamaicensis CYJA X X
Cynoscionleiarchus X
Isopisthusparvipinnis X
Larimusbreviceps LABR X
Macrodonancylodon X X
Menticirrhusamericanus MEAM X X
Micropogoniasfumieri MIFU X X
Paralonchurusbrasiliensis PABR X X
Stelli(erbrasiliensis X
Stelliferastrifer STRA X
Umbrinacanosai UMCA X
Umbrinacoroides X
Mullidae Mullusargentinae X
Upeneusparvus X
Percophidae Percophisbrasilienis PEBR X
Ephippididae Chaetodipterusfaber X
Scorpaenidae Scorpaenabrasiliensis X
Balistidae Balistescapriseu, X
Monacanthidae Stephanolepishispidus STIll X X
Tetraodontidae Lagocephaluslaevigatus X
Diodontidae Ciclichthyspinosus CICSP X X
Bothidae Bothusocellatus X
Bothusrobinsi X
Paralichthyidae Citharichtysarenaceus X
Citharichtysmacrops X
Citharichtysspilopterus CISP X
Cydopsettachittendeni CYCH X
Etropuscrossotus ETCR X X
Etropuslongimanus ETLO X
Paralichthysi osceles PAIS X
Paralichthyspatagonicus PAPAT X X
Paralichthystriocellatus X
Syaciumpapillosum SYPA X X
Verecundumrasile X
Soleidae Gymnachirusnudus X
Cynoglossidae Symphurusdiomedianus X
Symphurusplagusia X
Symphurustesselatus SYTE X X
Symphurustrewavasae X
*KEY usedtorepresentspeciesonCCA diagram
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Table5.Abundance(%N),weight(%W),and&equencyof occurrence(%0) of demersalfishsampledontheshelf
andintheChannelofSãoSebastião,duringsummer1994.
SHELF CHANNEL
SPECIES %N %W %0 %N %W %0
1 Ctenoseiaenagracilicirrhus 23.60 14.18 71 54.69 34.22 20
2 Paralonehurusbrasi/iensis 23.29 14.85 62 0.41 0.11 40
3 Cynoseionjamaieensis 13.99 4.73 67 3.19 2.80 20
4 Poriehthysporosissimus 3.98 8.89 86 0.62 1.98 80
5 Dulesauriga 3.69 2.70 48
6 Cynoseionguatueupa 3.45 2.41 24 0.62 0.03 20
7 Prionotuspunetatus 3.39 3.23 76 9.89 5.94 100
8 Stelliferastrifer 3.36 0.53 19
9 Stephanolepishispidus 3.35 0.91 52 0.10 0.02 20
10 Etropuslongimanus 2.62 0.53 62
11 Prionotusnudigula 2.36 0.64 38
12 Micropogoniasfurnieri 1.78 4.11 57 0.51 5.46 60
13 Mentieirrhusamerieanus 1.72 1.55 52 0.41 2.43 60
14 Urophyeisbrasiliensis 0.62 2.67 38
15 Larimusbrevieeps 0.62 0.69 38
16 Umbrinaeanosai 0.52 1.20 24
17 Rajaeyclophora 0.50 6.24 33
18 Merlueeiushubbsi 0.41 0.54 33
19 Daetylopterusvolitans 0.40 0.06 67 0.31 1.75 20
20 Rajaagassizii 0.36 3.45 19
21 Eucinostomusargenteus 0.34 0.11 29 0.62 0.11 20
22 Psammobatisglansdissimilis 0.32 0.71 24
23 Paraliehthyspatagonieus 0.29 2.25 33 0.41 1.14 20
24 Upeneusparvus 0.19 0.13 43 1.13 0.54 80
25 Orthopristisruber 0.19 0.68 29 2.27 1.57 60
26 Paraliehthysi oseeles 0.15 0.40 29
27 Cicliehthyspinosus 0.12 0.14 48 0.21 0.28 40
28 Rhinobatoshorkelii 0.10 0.88 24
29 Lophiusgastrophysus 0.10 0.91 29
30 Rajaeastelnaui 0.07 11.86 24
31 Pereophisbrasiliensis 0.07 0.99 19
32 Gymnothoraxoeellatus 0.05 0.20 29 1.13 4.00 80
33 Syaciumpapillosum 0.04 0.02 14 5.05 4.42 60
34 Symphurustessellatus 0.03 0.03 14 4.63 7.51 80
35 Haemulonsteindaehneri 0.02 0.16 10 2.16 7.76 20
36 Etropuscrossotus 0.02 0.02 10 1.03 0.35 20
37 Synodusfoetens 0.41 1.76 60
38 Rhinobatospereellens 0.10 2.06 20
39 Dipleetrumradiale 4.74 8.73 80
40 Dipleetrumformosum 0.51 1.28 20
41 Cyclopsettaehittendeni 0.31 0.17 60
42 Cithariehthysspilopterus 2.88 2.55 60
OtherSpecies 3.87 6.41 1.66 1.03
TotalAbundance 13,607 971
TotalWeight 447,029g 32,270g
NumberofSites 21sites 5 sites
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Fig.4.RelativeabundanceandweightofdemersalfishfamiliesampledinChannelandshelfhabitatsoftheSãoSebastiãoarea.
The fIrst two CCA axes accountedfor 23%
and 14% of the total variance,respectively(Fig.
6A and 6B). Axis I was mainlyrepresentedby
temperaturewhile axis2 by oxygenand.coarse+
very coarsesand.The threewell defInedgroups
of speciesand sitesobtainedby clusteringwere
evidentin the ordinationdiagrams(Figs5, 6A,
6B). Sitesand specieswere clearly separated
along the temperature-depthgradient.Axis I
separatedsites and speciesassociatedwith
lower temperaturesanddeeperareason theright
side (GroupIII andGroupA), ITom sites and
species related to higher temperaturesand
shallowersitesplottedon the!eftside(GroupsA-
B, GroupI-lI). Moreover,on theupperleft side
of the diagramare speciesassociatedwith
warmerwaters,high dissolvedoxygen,and high
ITactionof coarse. sediments(Group B and
GroupI).
Table6. Nodalconstancy(C) andfidelity(F) of species
groupsto sitesgroupsresultingITomcluster
analysis.
Sites
Species GroupI GroupII GroupIII
GroupA C 0.23 0.71 0.22
F 0.70 2.15 0.67
GroupB C 0.58 0.17 0.01
F 1.75 0.52 0.03
GroupC C 0.06 0.15 0.77
F 0.18 0.45 2.33
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Table7. CanonicalCorrespondenceAnalysis(CCA) fordemersalfishcommunityin SãoSebastiãoregion.
Eigenvalues,extractedvariance(%)andenvironmentalcorrelationforthefouraxes.
0.52
Addedinertia
0.23
0.25
0.13
0.11
1.24
a The totalínertiaof speciesdatawas 2.442.lnertia:Extractedvarianceattributableto each
individualvariable.Added inertia:addedvarianceaccountedfor variablesselectedoneby
one in sequence.The variablessignificant(p <0.05)on theMonte Carlos testarein bold type.
Axis 3 accountedfor 7.4%of thetotalvariance
andan additionaldiagramwasbuiltto plotaxes2
and3. Themostimportantvariablesweredissolved
oxygen,coarse+verycoarsesand,andorganicmarter
(Figs7A, 7B).MostofthespeciesofGroupA andC
were distributedaroundthe origin of the axis
reflectingno relationto thevariablesconsideredor
specieswereassociatedwithaveragevariablevalues.
However,GroupB (Channel)wasinfluencedbythese
variables.All Channelsiteswerecharacterizedby
highoxygenconcentration.Axis 3 separatedan the
upperightsideof thediagram,sitesrichin organic
content,locatedontheaxisof theChannel(C7 and
C1O). Speciespositivelyassociatedwith these
variableswere C. spilopterus,C. chittendeni,D.
radiale,andS. tesselatus.In thelowerpartof the
diagramarerepresentedsiteslocatedin thenorthern
partof theChannel(C12andS13),characterizedby
highproportionsof coarse+ verycoarsesand.H
steindachneri,D. formosum,E. argenteus,andS.
papillosumwererelatedtothisvariable.
Discussion
Muchof theknowledgeabouthestructureand
functionof coastalecosystemsin subtropicalregions
of theWestemAtlanticcomesfrominterdisciplinary
studiesundertakeni theUbatubaregion,anareato
thenorthof SãoSebastião.Seasonaloceanographic
eventsinfluencetemporalvariabilityof fish food
sourcesand communitystructure,modifyingthe
energyandmarterpathwithinthe system(Pires-
VaninetaI.,1993).
The São SebastiãoChannelis a veryunstable
environment,not only oceanographicallybut
becauseit is an area of intensehumanactivity.
The complexityof the abiotic conditionsof the
area is reflectedby the fish fauna,which was
characterizedby high dominance and low
diversity,richness,andevenness.Thehighestdensity
andbiomassoccurredonthe innershelf,especially
aroundtheeastemandsouthempartsof theisland.
Despitehighdensitynearthecoast,biomasswaslow,
probablydueto thepredominanceof juveniles.The
shallowestarea of the São Sebastiãoshelf is
dominatedby juveniles,thedeepestareaby adults
and the intermediatedepthsby equalproportions
of juvenilesand adults(Rossi-Wongtschowskiet
aI., 1997).Duringsummer,sciaenid,triglid,gerreid,
andpleuronectifQrmlarvaewerewidelydistributed
throughout the region suggesting spawning
activity (Katsuragawa& Dias, 1997).Diversity
was similar to that observedin theChannel
fauna,butrichnesswasmuchhigher.Fish biomass
on the inner shelf'of São Sebastião(1.181gm'2)
was lowerthanthatafthe Ubatubashelfin summer
(2.145gm'2),wherethe saroefishery effortwas
Axis 1 2 3 4 Totala
Eigenvalues 0.558 0.181 0.343 0.115 1,244
Extractedvariance(%) 22.9 14.0 7.4 4.7 51.0
Environmentalcorrelation 93.8 88.3 90.0 86.1
Forwardselection lnerlia %
Temperature 0.52 21.3
Salinity 0.39 16.0
Oxygen 0.33 13.5
Coarse+verycoarsesand 0.30 12.3
Finesand 0.18 7.4
Mediumsand 0.15 6.1
Gravei 0.14 5.7
Organicmatter 0.13 5.3
Veryfinesand 0.09 3.7
Silt+clay 0.08 3.3
Sum
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applied (Rossi-Wongtschowski,pers. comm.*).
However,SACW intrusionwasmoreintensein the
Ubatubashelf, allowingsomespeciesassociated
with this watermassto extendtheir distribution
towardshallowerareas.In general,demersalspecies
associatedwith SACW were larger than those
inhabitingthe innershelf.Ontheoutershelfof São
Sebastião.wheretheenvironrnentseems to be
morestable,diversityandevennesswerethehighest,
anddominancethe lowest. Despite low density,
biomasswas high due to the presenceof larger
species.In marineecosystems,increasingsizewith
depthisageneraltendencyfordemersalbonyspecies
(MacPherson& Duarte,1991).
A large scale study on the demersalfish
communityof the inner (Rocha & Rossi-
Wongtschowski,1998)andoutershelf(Natali Neto,
1994)was carriedout off Ubatuba.Both authors
documentedseasonaland annualfluctuationsin
speciesabundanceassociatedwith the dynamicsof
CoastalWaterand SouthAtlantic CentralWater
overtheshelf.Accordingto Rossi-Wongtschowski
& Paes(1993),fish assemblagesof the innerand
outershelfof theUbatubasystemarecomposedof
"structuralspecies",that are relatedto sediment
type, and "seasonal species"that are closely
associated with the inshore and offshore
movementsofthecoldSACW in summerandwinter
periods,respectively.On the Rio Grandeshelf
(southemBrazil), water temperatureaffectsthe
abundanceof demersalbony fish, while species
compositionis associatedwithdepth(Haimoviciet
ai.,1996).Theintrusionofupwellingwatersoverthe
coastalshelf of Cabo Frio (RJ) influencesthe
bathimetricdistributionof demersalfish (Fagundes
Neto& Gaelzer,1991).
Silva (1995) studied the oceanographic
conditionsof theChannelandadjacentareaof São
SebastiãoandverifiedthatCoastalWater(CW)filled
thebottomfromthecoastothe50m isobathduring
summer.In thisperiodtheupperwaterlayerof the
outershelfwasoccupiedby TropicalWater(TW),
whilethebottomwasoccupiedbytheSouthAtlantic
CentralWater(SACW). This watermasswasnot
detectedin theChannelorontheinnershelf,butthe
authorpointsoutthatsincetheintrusionof SACW is
winddriven,thehydrodynamicsoftheregionchange
veryfast.Therefore,SACW couldhavebeenpresent
in other periodsof the summer.The spatial
organizationexhibitedby the ichthyofaunalong
depthgradientin the São Sebastiãosystemwere
closely relatedto the distributionof the water
masses.Threemajorassemblageswereidentified,
distributedin threedistinctareas:Channel,inner
shelf,andoutershelf.Theseassemblagescorrespond
(*) Rossi-Wongtschowski,c. L. D. B. - InstitutoOceanográfico,
Universidadede São Paulo. Caixa Postal 66149,05315-970,
SãoPaulo,SP, Brasil.
to thoseidentifiedon theinnershelf(below50 m
depth)off Ubatuba:TropicalSciaenid,Subtropical
Sciaenid,and Gerreid-Haemulid(Rocha& Rossi-
Wongtschowski,1998).
The Channelassemblage,correspondingto the
Gerreid-Haemulidassemblage,wascharacterizedby
Eucinostomus argenteus, Orthopristis ruber,
Haemulon steindachneri,Symphurustesselatus,
Syaciumpapillosum,Etropuscrossotus,Citharichtys
spilopterus,Cyclopsettachittendeni,Diplectru111
radiale,andD. formosum.Thesespeciesoccurred
mainlyin theChannelandtheshallowerareasof the
innershelfandwereassociatedwiththepresenceof
CoastalWater.Most of themoccurthroughoutthe
yearintheChannel,exceptfor C. chittendeniandU
parvusthatoccuronlyin springandsummer(Rossi-
Wongtschowskietai., 1997).Although.Gymnothorax
ocellatusandU parvushadbeenclusteredto this
group,bothspecieshowedbroaddistributionover
theareaoccurringevenontheoutershelf.Ip relation
to theshelf,theChannelpresenteda higheroxygen
concentrationwhichcouldberelatedtothepattemof
watercirculationassociatedwithdepth.Thesediment
distributedalongtheChannel,predominantlypoorly
and moderatelysorted sandy sediments,is
heterogeneousasa resultof thecomplexcirculation
in the area (Furtadoet aI., 1998).The fmest
sedimentsoccuralong the axis of the Channel,
especiallyin thesouthemportion,dueto thedirect
actionof thewavesthatreworkthebottommaterial.
The amountof sedimentaryorganicmatterwas
highestalongtheaxisof theChannel(sitesC7 and
CIO). This is consistentwithobservationsthatmud
depositionis more intensein the low energy
environmentalongtheaxisandon thecontinental
side of the Channel(Furtadoet a/., 1998).Low
macrofaunadensitiesat sitesC7 and CIO of the
Channelmaybe explainedby organicenrichment
from municipalsewagedischargesand harbor
activities(Pires-Vanin et ai., 1997).Low fish
abundanceandbiomasswerealsoobservedin this
areaandmaybe relatedto low food availability.
Mediumandcoarsesandpredominateinthe insular
region,especiallyin thenorthemportion(Furtadoet
aI., op. cit.).The distributionof C. spilopterus,C.
chittendeni,andD. radialeseemsto be associated
with areasrich in organicmatterand thatof H
steindachneriandD.formosumwithpoorlyselected
sediment.Thesoutherrunostpartof theChannel(site
C5) differedgreatlyfromthe centralandnorthem
areas due to the occurrenceof Ctenosciaena
gracilicirrhus and Cynoscionjamaicensis.The
existenceof a paleorivervalleysouthwestof São
SebastiãoIslandsuggeststhatthe intrusionof the
bottomoceanicwaterintotheChannelocctirsthrough
itssouthementrance(FurtadoetaI., 1996).This fact
wouldexplainthehighabundanceandbiomassatsite
C5, sincethepenetrationof somespeciesfromthe
innershelfmayoccurthroughthatarea..
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The assemb1agesfoundon the São Sebastião
shelfweresimilarto thoseidentifiedon thatof
Ubatuba,wherethemostimportantis theTropical
SciaenidCommunity,characterizedbythedominance
of C. gracilicirrhus,Paralonchurusbrasiliensis,and
C. jamaicensis(Rocha & Rossi-Wongtschowski,
1997).Sciaenidswerea1sothemostdominantgroup
in thestudyregion,occurringmainlyon theinner
shelf,associatedwith CoastalWater.They were
highlyabundant(61%of totalcatch)and wide1y
distributed,especiallythe threeabove-mentioned
species.A greatabundanceof sciaenidsis also
characteristicof bays, islands,and surrounding
coastalareas(Cunningham,1983;Nonatoet ai.,
1983;RibeiroNeto,1989;Giannini,1990;Maciel,
1995).Tropicalsciaenids,pomadasyds,andgerreids
alsoinhabitheshallowestareaof theoutershelfof
Ubatuba.C.gracilicirrhusandC.jamaicensispresent
a seasonalvariationof distributionwith peak
abundancein winter,becausethe CoastalWater
expandsitsdistributiontowardsthedeepestareawith
a correspondingretractionof SACW (Nata1i-Neto,
1994).
Theassemblageof thedeepestareaof theSão
Sebastiãoshelfwascharacterizedby speciesclosely
associatedwiththecoldSACW.Theycorrespondto
theSubtropicalSciaenidaeCommunityidentifiedon
theUbatubashelf,associatedwiththefrontof this
watermass(Rocha& Wongtschowski,1998;Nata1i-
Neto,1994).Somespeciesof this community(e.g.
Dules auriga, Psammobatisglansdissimilis,and
Etropus longimanus)expa,t1dtheir distribution
towardsshallowerwaters,withtheintrusionof the
SACW during summer(Paes, 1996).A similar
partemwas also observedfor the subtropical
sciaenidsCynoscionguatucupandUmbrinacanosai
(Rocha& Rossi-Wongtschowski,op. cit.).Most of
thesespeciesdidnotoccurontheinnershelfof São
Sebastião,becauseSACW waspresentonlyon the
outershelf AlthoughRaja agassizii,Stephanoleps
hispidus,andParalichthyspatagonicushavebeen
groupedwith speciesof the outershelf in our
analysis,the first two speciesare associatedwith
CoastalWaterandthedistributionof P. patagonicus
is not affectedby watermasses(Rocha& Rossi-
Wongtschowski,op. cit., Natali-Neto,op. cit.).
Despitetheclassificationof Porichthysporosissimus
andPrionotuspunctatusintodifferentgroupsonthe
clusteranalysis,bothspecieswerewidelydistributed
acrosstheshelfandwatermasseseemedto affect
theirabundanceratherthantheirdistribution.
In the Ubatubasystem,theregionaroundthe
50m isobathundergoesa greatseasonalvariationof
hydrographic onditionsas well as of species
composition(Natali-Neto,op. cit.). A1thoughour
study was carried out only in summer,this
transitionalzonecanbeobservednearthe50mdepth
aswellandsitesS15andS19oftheinnershelfseem
to be influencedby SACW. This areapresented
intermediateva1uesof temperature,indicatingsome
degreeofmixingofCW andSACW.Moreover,both
tropical sciaenidsand subtropicalspecieswere
presentthere.
The difficultyin establishingthemain factors
affectingthecommunities'sorganizationlies in the
constraintof measuringall thevariablesinvolved
andin thecomplexityof theinterrelationsbetween
speciesliving in an environrnentthatchangesover
time and space.However,the resultsshow that
environmentalfeatures,mainly temperatureand
depth,explainmuch of the distributionof the
species.Within the Channel,type of sediment,
organicmarter,and dissolvedoxygenplayedan
importantrole in speciesdistribution.Due to the
complexityof the water circulationand the
heterogeneityof sedimentdepositsin theChannel,a
moredetailedstudymustbeundertakeni orderto
arriveat a berterunderstandingof ichthyofauna
organization.A1thoughthis studywas carriedout
only during summer,speciescomposition,fish
assemblages,andoceanographicconditionof theSão
Sebastiãoshelfwereverysimilarto thoseobserved
offUbatuba.
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